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INTRODUCTION
Wheat (Triticum aestivum L.), the highest rankedcereal food in Pakistan bears key position in economy of the country constituting 2.2% to gross domestic product and10.3% to the value added in agriculture. About9052thousand hectares area of Pakistan is occupied by wheat crop which produces 25.7 million tonnes grain (Economic Survey of Pakistan, 2016-17) . Weed infestation is amongst majorlimiting factors responsible for low yield of major crops in Pakistan. At world level, monetary losses due to weeds have touched a level of 100 billion dollars (Buruchara, 2007; Le Tourneau et al., 1956) . According to an estimate, about 34% crop yield occur due to presence of weeds which are more than those caused by animal pests and diseases (Oerke, 2006) . Previous investigations have indicated that weed competition for environmental resources with cereal crops is mainly determined by plants' physiological and morphological traits (Didon, 2002) . Important ones are early vigor,till erring ability, initial root and shoot growth rates, plant height, interception of photosynthetically active radiation, and seed size (Berthold son, 2004) . The term weed economic threshold is defined as the weed population per unit area at which its control expense becomes equal to the benefit in terms of crop yieldobtained from its control (Coble and Mortensen, 1992) . The economic threshold of a particular weed fluctuates between differentcrops, tillage systems adopted, and other crop management practices. Overthe previous few years, downy brome (Bromustectorum L.) has become a serious weed inwheat fieldsin various agro-ecological zonesof Pakistan. It is a winter annual grassy weedthat has originated from Mediterranean Europe. ItinvadedtheNorthern America from Europe near1861 from where it was spread to other countries (Morrow and Stahlman, 1984) . Downy brome's plant attains height up to 60 cm, it has fibrous root system and its reproduction occurs through seed. Leaf color at emergence is brownish green and leafblades are hairy have soft hair. Fully grownplants are red-brown with erect and slender stem. Spike has 5-8 spikelets terminating in straight and slender awns at maturity (Upadhyaya et al., 1986) . It was widespread as problematical weed in range lands and wheat fields ofNorth America. Literature showed that B. tectorum infestation resulted in 28-92% reduction of wheat yield at its different population densities, time of emergence and soil moisture contents (Rydrych and Muzik, 1968) . Downy brome at its 24, 40 and 65 plants per m 2 densities caused 10, 15 and 20% losses to wheat yield, respectively. However, emergence of this weed 21 days after wheat emergence could not cause significant reduction in wheat yield (Stahlman and Miller, 1990) . Rydrych (1974) reported that of downy brome declined wheat yields up to 40 and 92%, respectively. A reduction of up to 59% in wheat biomass and up to 68% in wheat grain yield was recorded due to downy brome infestation. A number of studies have been carried out to estimate the losses of downy brome in wheat. However, despite the widespread occurrence of this weed in wheat fields of Pakistan, no such studies have yet been publishedregarding economic threshold level of B. tectorum in wheat and its competitive ability against wheat in Pakistan. The present study was aimed at determining the effect of B. tectorum density on growth and yield of wheat under field conditions, and estimating the economic threshold density of B. tectorum in wheat. October 2014 by usingmanually operated single row hand drill maintaining line to line space of 25 cm. The plot size was 2 m x 1.5 m. Downy brome was sown by broadcasting its seed in field before wheat sowing to achieve maximum density. To avoid the risk of germination failure, a higher seed rate of downy brome was used. After the establishment of downy brome plants, desired densities were maintained in each plot according to treatment plan by thinning surplus plants after 1 week of emergence. There were six rows of wheat, each 2 meter long in each plot. Keeping in view the fertility status of soil, N, P and K were used at the rate of 125, 85 and 62 kg per hectarewith a source of urea, diammonium phosphate and potassium sulphate, respectively.Half dose of N with full P, K doses was applied while preparing land. The remaining dose of N was applied at first irrigation (25 days after sowing). Recommended agronomic practices were uniformly applied to whole experiment. The all other weeds which emerge naturally in the field were uprooted through hand pulling. ).
MATERIALS AND METHODS

Site description
RESULTS AND DISCUSSION Growth characteristics of B. tectorum Plant height (cm)
Data showing the effect of various downy brome densities on its plant height are presented in Table- ) of downy brome ( Table-1 ). The increase in dry weight of downy brome by increasing its density might be the result of increase in fresh weight of downy brome in response to its increasing density. Our findings are in conformity with those of Nadeemet al. )of downy brome produced its highest RCI (19.6%). Whereas, the minimum downy brome density of 5 m -2 produced lowest RCI (3.1%). Trend analysis showed only linear trend to be significant. The enhancement inRCI of downy brome with increase in its density in wheat was the result of gradualloss in wheat grain yield due to severity in weed competition stress. Growth and yield parameters of wheat Plant height (cm) Effect of downy brome weed density on wheat plant height (cm) was recorded ( Table-) ). Linear and quadratic trends were found to be significant (Table-2 ). Data showed a linear response of downy brome tillers toits increasing densities (Table-2 (2013) . They discovered that wild oat density increase significantly decreased productive tillers of wheat and consequently lowered wheat grain yield. Spike length (cm) Spike length of wheat varied significantly by different downy brome densities (Table-2 ). The control treatment gave the highest spike length (12.7 cm) of wheat whereas minimum wheat spike length (7. . The trend analysis showed number of grains per spike of wheat reduced in a linear fashion in response to increasing B. tectorum density ( Table-2 ). Previous findings also showed that number of grains per spike of wheat was decreased with increase in weed density. Chaudharyet al. (2008) and Noshadianet al. (2014) found that higher the number of plants per m 2 of weed, lower was the number of grains per spike. 1000-grain weight Effect of downy brome densities on 1000-grain weight of wheat can be over-viewed in Table- 2. Analysis of data showed maximum 1000-grain weight (32.9) in control treatment which remained weed free. As the downy brome density increased up to 20 plants per m2, the 1000-grain weight of wheat was significantly reduced as compared to control treatment. The lowest 1000-grain weight (28.25 g) was recorded with 40 plants per m2. Data of 1000-grain weight of wheat followed quadratic trend in response to increasing B. tectorum density (Table=2 Table-2) showed that the increase in B. tectorum densities impart significant effect on wheat yield. Wheat grain yield decreased linearly with increase in downy brome density. The maximum wheat yield (4.7 t ha-1) was recorded in the treatment where downy brome and other weed plants were eradicated. However the wheat yield was decreased significantly at and beyond downy brome density of 20 plants per m2. The minimum grain yield (3.8 t ha-1) was recorded in treatment when downy brome density kept 40 plants per m2. Trend analysis of data revealed that grain yield of wheat shows linear trend to be significant under influence on increasing downy brome densities (Table-2 ). The reduction in the grain yield of wheat in response to increase in downy brome density is due to decrease in yield determining traits such as productive tillers, grains per spike and 1000-grain weight. Our findings are supported by those of Hesammi (2011), Khan and Hassan (2006) and Sarwaret al. (2013) concluded that grain yield decreased with increase in wild oat density. Their model was best fitted showing that it described well the competition between wheat and downy brome( Figure  1) . The model estimated 4.7 t ha-1to be the weed-free grain yield of wheat and weed competitively (β) to be the 0.00936. Keeping Rs.2300 to be the herbicide cost, Rs.900 application cost, Rs.30,000 value per unit of crop and 0.95 herbicide efficiency; economic threshold (ET) of downy brome was calculated to be 2.6 plant per m2 during crop season 2015 (Table-3 ).
CONCLUSION
The field investigation for various densities of B. tectorumconcluded that when the plant density exceeds 2.6 
